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Abstract

This report investigates the rapid integration tools available in the current market. These tools aid in
the rapid integration of software systems and components. The research centers on a model problem
that requires such a tool to address legacy integration challenges. The report presents a generic
evaluation framework for identifying and evaluating rapid integration tools and an evaluation of three
identified tools. This evaluation engaged selected evaluation criteria based on the demands of the
model problem. A process reference is also included; this forms the guidelines for identification and
evaluation of the tools with respect to other model problems.
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1 Introduction

1.1 Purpose and Objective

This project involves the analysis of rapid integration tools available in the market, which aid in rapid
integration of software systems/components. The project is centered on a model problem that requires
such a tool to address legacy integration challenges. The main outcome of this research includes

e a generic evaluation framework for identifying and evaluating rapid integration tools. The
evaluation criteria are geared towards the model problem that belongs to a class of model prob-
lems having integration/interoperability as the key concern.

e an evaluation of three identified tools with respect to the evaluation criteria and the model prob-
lem which forms the framework for evaluation of tools.

e aprocess reference to the Integration of Components Certificate at Carnegie Mellon West, which
forms the guidelines for the identification and evaluation of the tools with respect to other model
problems.

CMU/SEI-2004-TR-023 1



Identify Model Identify List of Rapid
' Problem '

Iintegration Tools

Requirements Featured
Gathered Gathered

Selected
Requirements

Selected
Tools

Model Problem Requirements
Vs Tool Features

Figure 1: Evaluation Process for the Rapid Integration Tools

The above diagram symbolizes the process followed for determining the evaluation framework. The
team identified the model problem and the list of tools, quantified requirements from the model prob-
lem description, came up with a tool evaluation report and finally came up with an evaluation frame-
work. The figure below illustrates the evaluation framework defined for the tools that have been se-
lected to satisfy the requirements specified as critical by the model problem. In both the preceding
and following diagrams technical factors are those directly related to the model problem and are de-
rived from both functional and non-functional parameters. The non-technical parameters are softer,
but no less important, factors such as the quality of vendor support or market share of the tool.
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Rapid Integration Tool Evalua-

Y

Tools tion Results

Identified critical

requirements for
Model Solution Model Problem

Requirements

Figure 2: Evaluation Framework

1.2 Project Requirements

As demand for new functionality grows and new systems to fulfill it go into operation, the need to
integrate new systems with existing systems has increased. The development of resulting extended
systems is frequently based on the integration of existing components, leading to demand for new
integration tools. Modern integration tools all promise the ability to integrate components more
quickly and cheaply than traditional technologies. '

The project described here is aimed at surveying the field of rapid integration tools with a view to
informing the reader on how to select among the choices. The task was divided into the following
~ steps.

Survey and classify the tools.

The first step was to identify the tools that claim to provide rapid integration. Since these tools were
known to provide a wide range of services, the identification also required the development of a clas-
sification scheme for characterizing the various types of tools.

Deliverables: 1) list of rapid integration tools 2) classification scheme 3) classified list of tools

CMU/SEI-2004-TR-023 3



Evaluate the tools using a model problem

We expected that one or more of the classifications would contain a number of interesting rapid inte-

gration tools. We chose a problem typical of the type of integration the tools were designed for and
applied a number of tools to that problem.

Deliverables: 1) preliminary evaluation scheme 2) model problem definition 3) reports detailing
evaluation of tools’ applicability to the model problem

Develop and document general evaluation criteria

Following the evaluation, the final step was to refine the evaluation criteria and document the refined

versions. The purpose was the creation of an instrument that would assist a developer in choosing the
“right” rapid integration tool.

Deliverable: documented evaluation criteria for rapid integration tools. Depending on time, steps 2
and 3 may be repeated within another classification.

1.3 Project Plan and Tracked Report

We followed a simple phased approach for executing the project with each phase divided into tasks
and related deliverables. Each deliverable is considered as a milestone and is derived from the initial
list provided by the SEI. Since the project is exploratory, it does not follow any standard software
development life cycle, but we followed software engineering principles from the start. We used the
work breakdown structure (WBS) and effort available from the elective to estimate a completion date

based on a given start date. The project ran over schedule perhaps indicating the problem of using
available effort as an artificial constraint on work to be performed.

1.4 Structure of the Document

This report is organized into three major chapters.

Chapter 1: Introduction to the Technical Report presents the purpose and objective of the project,

the project description, background, requirements, project plan and tracked report and the structure of
the document.

Chapter 2: Identification and Classification of the Tools describes the list of tools identified as the
rapid integration tools and the evaluation framework applied to them for selection to work with the

model problem. The classification parameters that support the evaluation framework are the technical
and non-technical parameters.

Chapter 3: Model Problem and Tool Implementation explains the model problem selection and
identification of critical requirements as well as application of the tools and their assessments.

CMU/SE(-2004-TR-023



Chapter 4: Conclusions documents the lessons learned arising from the use of the specific tools.
Additionally, questions for future research are listed as are some concluding comments on the devel-
opment of the evaluation framework, including factors to consider before and after applying the

evaluation framework.

Appendices feature detailed descriptions of the tools evaluation, model problem, and other estima-

tions.

CMU/SEI-2004-TR-023
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2 ldentification and Classification of Tools

2.1 List of Tools

The first step in our approach is to identify the tools used for rapid integration. We discovered little
difference between integration tools and rapid integration tools.' We identified 11 rapid integration
tools designed for the rapid integration of applications from existing components.

Pervasive Data Junction
RoughWave’s LEIF

IBM Rational Rapid Developer
Microsoft SQL Server

Host Integration Server

Microsoft BizTalk Server

IBM WebSphere Business Integration

Artix Relay, Encompass and Mainframe

e A A o

PiiE Smart Client and Fusion Server

[y
e

InterSystem Ensemble
11. Jboss

For the above-listed tools, we collected information about their vendors’ name and features. See
Appendix A: Tools Studies and Analysis for more information.

2.2 Tool Selection Criteria

The identified tools were filtered based on the model problem that will be described in Section 3.
Since 11 tools seemed too many for starting the evaluation process, a short list was created based on
the following criteria. '

1. Tool should be capable of solving a wide range of Enterprise Application Integration problems,
especially the Legacy Integration problem.
2. Tool is able to provide communication between Java and C++ Components.

Tool has solid success stories associated with it.

Rapid is a concept that depends on the user’s context. In some contexts, six months may be considered
rapid and in others, six hours could be too long. The tools themselves are, essentially, the same and a better
question is whether the integration tools speed the integration sufficiently to both produce timely applica-
tions and cost less than not using the tools.

CMU/SEI-2004-TR-023 7



4. Tool has been in market for at least two to three years.

5. An evaluation version of the tool is available and the evaluation period is sufficient to evaluate

the tool.

Through application of these selection criteria the above list of 11 tools was short-listed to 3. The
three tools were '

1. IBM Websphere
2. IBM Rapid Developer
3. LEIF ( Light-weight Enterprise Integration Framework)

2.3 Classification Parameters

The Classification Parameters used to evaluate tools can be technical or non-technical in nature. The
functional and non-functional requirements of the model problem form the technical parameters.
Powell and colleagues observed] that apart from these technical parameters, some non-technical pa-
rameters arise from other business-oriented issues, such as cost and vendor, which play an important
role in the selection of a tool for rapid application development [Powell 97].

We identified 16 parameters (5 non-technical parameters and 11 technical parameters) for classifying
rapid integration tools. The table below gives a brief description of these parameters.

Table 1:  Classification Parameters - Technical and Non-Technical

# Parameter J Description
Non-Technical Parameters

1 Business market price of the tool

return on investment (ROI) of the tool (based on cost of the

tool compared to the estimated cost of manually integrating
the components) '

foreseen risk in using the tools (lifespan of the tool, ease of
use, change frequency and so on)

2 Evaluation-Specific project life cycle in which the tool can be used (software con-
figuration, project planning, oversight and tracking and so on)

comparative report of other tools in similar domain

13 External References visibility and popularity of the tool in the market

4 Vendor Support quality and cost of the vendor support

access to architecture and design aspects of the tool

CMU/SEI-2004-TR-023



Tool-Specific

integration with other tools and platform it can support

solution space the tool belongs to with respect to the problem

(domain specific)

reliability of the tool and the vendor maturity level based on

industry standards
skill set required to operate the tool
tailorability of the tool

extent to which data generated by the tool (performance logs

and so on) is configurable.

number of well-defined components that can be used

separately
performance of the tool
interactivity of the tool

sufficiency of documentation (user manual, installation guide

and so on) bundled with the tool

degree to which data generated by the tool can be used by

other tools

Technical Parameters

6 Security support offered by the tool for developing secure or safety
critical systems
7 Correctness capability of the tool for producing accurate results
8 Availability and capability of the tool for surviving system failure
Robustness
9 Ease of Use - Usability | degree of learning curve associated with the tool
10 Downward and portability of applications developed using one version of the

CMU/SEI-2004-TR-023




Upward Compatibility | tool to higher and/or lower versions of the same tool

11 Flexibility capability of tool for operating in different operating system
environments
12 Product Performance | response time of the tool

13 Tailorability customizability of tool for meeting user-specific requirements

(user interface, enabling/disabling of features, enhancing the

tool by adding plug-ins, and so on)

14 Service Implementa- technical support/licensing cost associated with the tool
tion Coverage

15 Interoperability capability of tool to interoperate with other systems

16 Testability ability to test the functionality of the tool

Each rapid integration tool is analyzed based on the classification parameters above; it is rated on a scale

of 0 to 10, depending on how well it satisfies the parameters. The detailed evaluation of the tools is found
in Appendix A: Tool Studies and Analysis.

Assigning values to parameters while analyzing any tool may be tricky. Different individuals may come

up with different analysis results. In order to avoid this, we defined some rules of thumb, shown in Table 2
below. These rules are so generic that they can be used to analyze any rapid integration tool.

Table 2:  Weights Assigned to Parameters Based on Rules of Thumb

Weights

Parameters 0 1t03 4to7 8to10

10 CMU/SEI-2004-TR-023



Business Cost is very high

and has special
installation re-
quirements (e.g.,
specific opera-
ting system, run-
time libraries).

Cost of the tool
doesnt support the
ROI,; there are fre-
quent changes to the
tool and the cost of
learning the tool is
high.

Cost of the tool sup-
ports the ROI; there
are frequent changes
to the tool and the cost
of learning the tool is
high.

Cost of the tool
supports the ROI;
there are two or
three releases of the
tool a year and the
cost of learning the
tool is low (e.g.,
because of exten-
sive Graphical User
Interface).

Evaluation-

v Tool is single-user | Tool assists in the Tool supports collabo- | Tool supports col-
Specific and supports no collaborative devel- | rative development by | laborative develop-
integration with opment but cannot | team, has its own con- | ment by team, sup-
organization’s be integrated with figuration manage- ports configuration
software devel- the organization’s ment and project and project man-
opment life cycle | software develop- management utility agement and can be
and other tools. ment life cycle. but cannot be inte- integrated with
grated with other other tools to ex-
tools. pand its current ca-
pabilities.
External Tool has recently | Tool has received Tool has been used by | Tool has been in
References launched in the average response several large organiza- | market for four or
market. from the user, has tions, has very few more years, owned
been in market for | competitors, and has | by software market
one to two years, | several success stories | leaders like IBM or
and a similar tool by | associated with its Microsoft, used by
leading vendors use. large organizations,
(e.g., Microsoft, and has many suc-
IBM) is available in cess stories associ-
the market. ated its use.
Vendor Tool has no cus- Tool has limited Tool has good cus- Tool has effective
Support tomer support. customer support tomer support through | customer support
through mail and online discussion fo- | through online dis-
telephone conversa- | rum, mail and tele- cussion forum,
tions only. phone conversations. | email, and on-site

There is immediate
response to queries
posted to Customer

consultation. Re-
sponse is immediate
to queries posted to

CMU/SEI-2004-TR-023
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Support Center.

Customer Support
Center.

Tool-Speéiﬁc

Tool doesn’t sup-
port integration
with other tools.

Tool supports inte-
gration with two or
three other tools and
has complex inte-

Tool supports integra-
tion with software
configuration man-
agement tools, testing

Tool supports inte-
gration with soft-

ware configuration
management tools,

gration process. tools, application testing tools, appli-
servers, and so on, cation servers and
and integration proc- | so on, and integra-
ess is moderate and tion process is eas-
requires manual set- ily performed via
tings. wizards. Tool sup-
ports custom devel-
opment to enhance
its features and us-
ability.
Security Tool doesnt pro- | Tool supports few Tool supports most Tool supports most
vide any features | standard security security mechanisms | security mecha-
to aid in the im- mechanisms like currently used in the | nisms currently
plementation of encryption and au- | market and but doesnt | used in the market
security mecha- thentication. support any custom and also supports
nism (encryption, development of secu- | custom develop-
authentication, rity mechanisms. ment of security
authorization etc.) mechanisms.
Correctness Tool has no utility | Tool supports lim- | Tool supports stan- Tool performs vali-
for testing the ap- | ited testing for the dard testing of the dation at every step
plication devel- application devel- application developed | while developing
oped by it. oped. through testing utili- | the application.
ties bundled with the | Also supports inte-
tool. gration of other test-
ing tools (e.g., third
party application
servers) to verify
the correctness of
the application cre-
ated.
12
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Availability Tool doesnt save | Tool backs-up the Tool backs up the ap- | Tool takes backs up

i‘{l:)(ll)ustness the data should app.lication data, plica'tion data and. of the app?ication
system failure which it uses tore- | provides automatic data, provides
OCCULr. cover from system | recovery from any automatic recovery

failure. type of system failure | from any kind of

(sudden shutdown of | system failure (sud-

the desktop, sudden den shutdown of the

crashing of desktop desktop, sudden

etc.). crashing of desktop
etc.) It also supports
restoration points so
that user can switch
between restoration
points.

Usability Tool has non-GUI | Tool has GUI Inter- | Tool has GUI Inter- | Tool has effective
interface and no face, but requiresa | face with minimum GUI Interface
feature to auto- lot of navigation overhead of naviga- which not only
mate the execu- across the screen to | tion while performing | eases in performing
tion of tasks or perform any opera- | any task. Alsoit pro- | tasks but also re-
operations. tion. vides quick links to duces the learning

commonly used op- curve associated in

erations. performing any
task. Also tool sup-
ports has wizards to
guide operations
step by step and
single-click execu-
tion of any opera-
tion.

Upward and Application cre- Application created | Application created Application created

]C)gm;:t?ll;‘illi ty ated by the tool is | by the tool can only | by the tool can be ex- | by the tool can be
not supported by | be exported tonew | ported to new version | exported to new
earlier ornewer | version under a few | but requires manual versions. All the
versions of the circumstances. changes in the con- necessary changes
same tool. figurations. are automatically

handled by the tool
itself.

CMU/SEI-2004-TR-023

13




Flexibility Tool has a specific | Tool is available for | Tool is available for Tool is available for
Operating System | several Operating several Operating several Operating
requirement. System environ- System environments | System environ-

ments and does not | and supports portabil- | ments, supports
support portability | ity of applications portability of appli-
of applications be- | between platforms. cation between plat-
tween platforms. forms and has inter-
faces for
communication be-
tween instances
running on different
platforms.

Product Time taken by Time taken by tool | Time taken by tool to | Time taken by tool

Performance tool to perform to perform any op- | perform any operation | to perform any op-
any operation is eration is four to six | is two to four minutes | eration is between
more than six minutes and 80% of | and 90% of the time | two to four minutes
minutes and the the time tool per- tool performs its op- | and 100% of the
system hangs up | forms its operation | eration successfully. time tool performs
while performing | successfully. its operation suc-
any operation. cessfully.

Tailorability | Tool doesnt Tool allows userto | Tool allows user to Tool allows user to
allow user to configure / enhance | configure / enhance configure / enhance
configure / its features by in- its features by install- | its features by in-
enhance its stalling plug-ins or | ing suitable plug-ins | stalling suitable
features. add-ons available or add-ons available | plug-ins or add-ons

from the tool ven- from any vendor. available from any

dor only. vendor or by pro-
gramming the tool
itself.

14
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Service Tool has stringent | Tool promotes Tool promotes evalua- | Tool promotes
:il(l)llll)lementa- licensing policy evaluation copy but | tion copy with ade- evaluation copy
Coverage and does not pro- | the period is not quate customer sup- with adequate cus-
mote evaluation sufficient enough to | port for any issues tomer support for
copies to experi- | evaluate the tool. that arise during the any issues that arise
ment with the Also the licensing evaluation period but | during the evalua-
tool. Also it has cost is very high. the evaluation period | tion period and also
high licensing cost is not sufficient the evaluation pe-
and purchasing a enough to evaluate the | riod is sufficient
new license is tool. The licensing enough to evaluate
almost equal to cost is nominal. the tool fully. The
the cost of the tool licensing cost is
itself. nominal.
Il.ltieropera- Results produced | Results produced by | Results produced by | Results produced by
bility by the tool cannot | the tool can be ex- | the tools can be ex- the tools can be ex-
be exported to ported to other for- | ported to other for- ported to other for-
other formats mats (Word docu- mats (Word docu- mats (Word docu-
(Word document, | ment, html, jpeg, ment, html, jpeg, etc.) | ment, html, jpeg,
html, jpeg, etc.) etc.) butitdoesnot | and it supports inter- | etc.) and it supports
and it doesnt have | support inter-tool tool communication. | inter-tool communi-
any interface to communication. cation. Also tool can
communicate with produce results that
other tools. can be ported to any
platform.
Testability of | Tool doesn't vali- | Tool does minimal | Tool does validation | Tool does validation
Output date the output validation and the of the results and the throughout and the
produced. accuracy of the re- | accuracy of the result | accuracy of the re-
sult is about 70%. | is about 80%. sult is 100%.

24 Tool Evaluétion

The three short-listed tools were evaluated for these technical and non-technical parameters. See
Appendix A: Tool Studies and Analysis for the Tool Evaluation Report.

The following graph shows the summary of the parameter values for each tool.

CMU/SEI-2004-TR-023
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Tools v/is Parameter

-

Weights
O=NBAIANINROO

| | 1BM Websphere
. |mLEF

| | 0 IBM Rationat Rapid Developer

Parameter

Figure 3: Graph Showing Characteristics of the Three Tools Selected

The above graph shows the comparative analysis of three rapid integration tools—IBM Websphere,
IBM Rapid Developer, and LEIF—with respect to technical and non-technical parameters. The X-
axis of the graph lists the parameters (technical and non-technical) and the Y-axis represents the value
assigned to these parameters from O to 10. Such graphs can be used to prioritize the list of identified
rapid integration tools. A similar graph including model problem requirements in terms of parameters
can help us to identify which tool is the best fit for the model problem.
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3 Evaluation Using a Model Problem

3.1 Purpose

This section describes the evaluation of the tools using a selected model problem. The model problem
selection criteria, the description of the model problem, and the evaluation of the tools are high-
lighted. In describing the model problem selection criteria we also explain the sequence of steps we
followed in making our selection. We briefly describe the model problem with respect to the non-
functional requirements and the problem statement. Finally, we explain the tool evaluation using the
model problem; here we’ve applied the structure of the selected model problem as described by Kurt
Wallnau in Building Systems from Commercial Components [Wallnau 02]. The assessment results
obtained from this evaluation show the extent to which the tools satisfied the post evaluation criteria
and the problem’s non-functional requirements. )

3.2 Model Problem Selection

3.2.1 Model Problems

We found three potential model problems (descriptions follow); each problem is appropriate to a par-
ticular type of integration.

Web Service Enablement

A company uses the enterprise integration teéhnology as well as XML technology to make customer
account information accessible via a Simple Object Access Protocol (SOAP)-based Web services in-
terface.

The implementation of this solution requires retrieving and combining information from two source
applications. The first application is a custom CORBA system that provides historical customer sup-
port information. The second application is Siebel, which provides customer purchase information.

Legacy Integration

Bond traders working online must send prices for a large number of bonds to several different trading
venues, each with its own user interface; this disrupts the workflow of their bond trading desk.

The system solution should minimize the minutiae of pricing all traders’ bonds and provide an ad-
vanced analytic functionality, specific to the bond market, in a single encapsulated user interface.
This system would utilize legacy components on the server side.
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Business Application Integration

Three companies use different business processes involving different sets of assumptions. Middle-
ware must be utilized as the integration point for communicating among the business processes.

3.2.2 Problem Selection

The following five steps were followed
Step 1: Identify the problem that must be solved through integration.

In this case we identified the following types of integration based on our prior knowledge.

Middleware Integration
Service Oriented Integration

1
2
3. Web Service Integration
4. Legacy Integration

5

Enterprise Application Integration

Step 2: Based on research on the various application integration types we chose three that would pro-
vide the best opportunity for using the tools that we have selected.

1. Legacy Integration
2. Business Application Integration
3. Web Service Enablement

Step 3: Analysis and study on the three model problems were made based on answering the following
questions. ' .

1. Which problem gives a way to integrate two different technologies?

Of the three problems presented, we found that the Trading Bond System required a solution that

would integrate components built using two different technologies (in this case programming lan-
guages), as evidenced by its case study report:

Traders needed a very responsive application on both Windows NT and Solaris workstations.
Therefore, we decided to implement the client application as a Java thick client because of its
platform independence and its ability to quickly respond to user input and market data. On the server
side, we are inheriting legacy C++ components that our system will utilize [Simon 03].

The Trading Bond system meets the criterion of providing a way to integrate two technologies. The
solution requires integration of a Java based component and C++ based components, which can be
done by building a pair of Java gateways to communicate with the C++ server-side components
[Simon 03]. Details of the Trading Bond System case are available at
http://www.eaipatterns.com/BondTradingCaseStudy.html.
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2.  Which preblem is faced in the real world often?

A demand exists in government and industry for existing systems to be updated or integrated with the
current technology. Many applications require technology independence and interoperability with
various applications that were developed using different technologies. Moreover, in the current indus-
trial scene there is a drive toward production of tools for the integration of Java-based components
and C++ based components. The Trading Bond System is therefore quite typical of real-world scenar-
ios.

3. Which problem is very specific and solvable within the specified time constraint?

We found that legacy integration for the Trading Bond System best met these criteria. We were able
to download two specific components provided by Dukascopy, an online trading application, which
mapped with the Trading Bond System scenario. This bode well for solving the problem on time.

We did not find the same with the customer account information problem to be solved through Web
Service enablement: Here the application was generic and we were not able to find the specific attrib-
utes to be addressed or specific requirements to be fulfilled. We realized that it might take consider-
able time to establish which tools were needed. This presented a problem, given time constraints and
resource availability. We did not have enough time to create a simulation of the CORBA System and
the Siebel system.

The problem that might have been solved through Business Integration did not meet this criterion.
This involved three companies who required communication among their different business proc-
esses. The business processes to be integrated were not well defined or specific. The time required for
creating simulated processes and then integrating them did not meet our constraints.

4. Which of the other classes of integration does this model problem address?

The chosen problem could also be used to assess service-oriented integration insofar as it is reason-
able to treat the problem components as services. Additionally, the middleware, application and Web-
based integration classes could be addressed by the Trading Bond system.

Step 4: Identify the model problem that fit into the evaluation framework based on the above identi-
fied questions. '

Step 5: Having identified the model problem to be solved, we now present details regarding the Trad-
ing Bond system relevant to further application development using the integration tools.
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3.3 Model Problem Description

The Trading Bond system best met the problem criteria and highlights the necessity of integration, for
communication purposes, between various components with various user interfaces and communica-
tion protocols. The following table shows an analysis of the original problem statement into a prob-
lem description describing the various actors and also constraints on the solution.

The problem of bond traders to send prices for a large number of bonds to several
different trading venues, each with its own user interface
affects bond traders

the impact of which is to disrupt the streamline of the workflow of their bond trading desk

a successful solution would be | a bond pricing system to minimize the minutiae of pricing all of

their bonds combined with advanced analytic functionality specific
to the bond market in a single encapsulated user interface.

[

1

Market Data

Trading

Price Feed Venues

Client Application
(Analytics
Configuration)

Figure 4: High-Level Context Diagram of Trading Bond System

First, market data comes into the system. Market data is data regarding the price and other properties

“of the bond representing what people are willing to buy and sell the bond for on the free market. The

market data is immediately sent to the analytics engine that alters the data. Analytics refers to mathe-
matical functions for financial applications that alter the prices and other attributes of bonds. These
are generic functions that use input variables to tailor the results of the function to a particular bond.
The client application that will run on each trader desktop will configure the analytics engine on a per
trader basis, controlling the specifics of the analytics for each bond the trader is pricing. Once the
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analytics are applied to the market data, the modified data is sent out to various trading venues where
traders from other firms can buy or sell the bonds.

The following are some of the non-functional requirements that the system should address, in order of
priority. The scope of this model problem extends to only the highest priority quality attributes se-
lected by the team.

Integrability:
“On the server side, we are inheriting legacy C++ components that our system will utilize.”

The system should be integrable with the legacy C++ comf)onents which forms the Market data feed
pricing subsystem and the thick client application which will be a Web-based thick Java client.

Performance:

“Traders need a very responsive application”

Two attributes of performance are essential to this responsiveness.

1. Scalability: Measured as the number of traders who will be accessing the system and the sys-
tem’s capability for accommodating them.

2. Response Time: The system should be able to respond to the user without significant delay [here
we say less than 5 sec, assuming that it is a Web-based application]

Portability:
“Traders need a very responsive application on both Windows NT and Solaris workstations.”

The application should be portable to any platform based on the demands of the trader’s needs.

The quality attribute that will be addressed in this execution of the model problem is highlighted in
Table 3.
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Table 3:  Prioritized List of Quality Attributes

Quality Prioritization | Rationale

Attribute

Integrability 1 Use of the rapid integration tools to integrate legacy systems
with Web-based application. In this case we are integrating the
C++ legacy system with the Web-based Java Client.

Performance 2 We address the response time specific to this application as de-
termined by the team for a responsive application.

Portability 13 Client application is developed in Java which automatically sup-

ports platform independence.

3.4 Tool Evaluation using Model Problem

- The following diagram shows the elements of the assessment. The trading bond problem is used as

the model problem and the criteria coupled with the design question lead to the tool assessment, and
COTS components forming the trading bond system.

Criteria

Priori Evaluation

Design Question
[Hypothesis]

Trading Bond

Posteriori
Evaluation
Criteria

System

I —

Minimum
Relevant

Constraints

Figure 5: Structure of the Model Problem

Design Question:

This 1s the initiating element of the model problem.

~

Assessment
Results

In this case study of the Trading Bond system, the design question is

22
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Is it possible to integrate the Java and legacy C++ components that are obtained off the shelf from the
Dukascopy stock quote Web site, using the rapid integration Tools?

Hypothesis: A wrapper component [integration point] that provides the communication between the
Java thick client and the legacy server side C++ component can be constructed using the rapid inte-
gration Tools.

Priori Evaluation Criteria:

These are the criteria to be satisfied by the model solution. They were obtained by analyzing the ap-
plication specifics given in the case study. They are centered on integration techniques and use of in-
tegration tools. These evaluation criteria are formulated based on the hypothesis that we have ad-
dressed related to the model problem. These criteria help in defining with the Standard’s compliance
that the tools must meet in order to satisfy the requirements.

Criterion #1: A Java to C++ translator is required. Java thick Client talking with C++ Legacy Servers

Criterion #2: Messaging Bridge to support the communication between cross-language applications
[C++ and Java]

Criterion #3: Single point of access is required to communicate with the gateways of the legacy serv-
ers.

The criteria form the model problem requirements for the integration implementation using the tool.
Thus according to Criteria #1, #2, and #3, the tool should be able to provide a communication
mechanism, a messaging bridge and a single point access between the Java and C++ components. In
this case the tools IBM WebSphere and the LEIF help in achieving these developments.

Minimum Relevant Constraints

The following constraints are based on what is feasible to provide in the model solution to address the
above mentioned priori criteria:

1. This is a short-term project that involves rapid development; hence the use of rapid integration
tools to create the Java to C++ translator, messaging bridge and single point access mechanism,
which are the priori criteria of the model problem.

2. The business processes of the model problem are not a focal point, since they are addressed by
the off-the-shelf components that are downloaded from the Dukascopy site.

3. The tool selection is restricted to the major functionalities provided by the tool with respect to
the model problem’s priori criteria.

The development and deployment environment are the same; hence the performance of the model
solution is constrained.
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Model Solution: Trading Bond System

A simple solution that clarifies how the model solution was implemented is provided below:

Find Discovery \ Publish
/ Aoencies | \

Client Services
Service
Requestor 1 < —»

Interact .

Client Service
Service Provider
Requestor n

C++ Legacy Servers
Java Gateways

Figure 6: Model Solution—High-Level Context Diagram

The Java Gateways are considered the Service Requestor and the Java Web Services are implemented
using the IBM WebSphere. These Java Web Services are the Client side application required for
communicating with the C++ Legacy servers, in this case the Market Data Feed Component obtained
from the Customized Dukascopy Data Feed (CDDF) http://www.dukascopy.com/english
/ddf_main/ . The C++ Legacy Servers are the service providers. The inner workings of the C++
Component and the Java Component were not considered; it was the integration between these com-

ponents that was implemented using the Tools. The Discovery Agencies used were the UDDI Ser-
vices, which were automatically set in the IBM WebSphere tool.

The System uses the simple publish-subscribe model for the implementation of the integration

through discovery agencies and SOAP is the communication protocol that establishes the interaction
between the two Web services.

Posteriori Evaluation Criteria
Criterion #1:
Installation and development environment for the identified solution tools are in place.

Criterion #2:

The off-the-shelf components architecture and design maps with the model problem requirements.

Criterion #3:

The integration of the two COTS components is accomplished using the rapid integration tools
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The above criteria help in evaluating whether the tools are able to meet the requirements of the model

problem and whether they are able to conceptualize the hypothesis that has been defined for this

model problem.

Assessment Results

The assessment results are enumerated based on the following factors:

risks encountered and mitigated while using the contingency approach

2. the size, effort, and cost variance involved when using the rapid integration tools and when not
using the rapid integration tools

3. product outcome explaining the steps that brought success and those that resulted in failure in
the development using rapid integration tools

These assessments help in evaluating the tools as they apply to the model problem. In this case they
are restricted with respect to the legacy integration of cross-language platforms.

Risks Encountered and Mitigated

The following table describes the major risks that we encountered and mitigated through contingency

plans.
Table 4:  Top Three Risk List
No. Risk Risk Management Strategy Status
8= Contingency
- § g E _ Mit.ig.afion
§ § .§ é'g Activities Trigger Activities
E |S&iAE
1 Toolsiden- | 90% [ 9 |1 Collect the The tools are | Determine which | Close
tified are ’ tools based on | not able to tools support the
not suitable the model produce a communication
for solving ‘problem’s mechanism mechanism. In
the model critical re- that solves this case C++
problem quirements the commu- | Web Services are
nication be- | created using the
tween Java Apache Axis
Gateways C++. The integra-
and the C++ | tion of the C++
Legacy Component with
Server. the Java Compo-

nent is accom-
plished via the
LEIF.
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No. Risk Risk Management Strategy Status
gz Contingency
- § _'E g - Mit-ig.afion
§_ g .§ g'é Activities Trigger Activities
E oL@

2 Learning 60% | .8 |2 Estimate the | Understand- Approach the Close
curve effort and exe- | ing the proc- | technical support

cute a short- ess of using | for the specific
term plan for the tool for tool or the inter-
learning only the specified | active manual for
the required model prob- | the understanding
tools. lem. of the tool.

3 Installation | 80% | .7 |3 Test the devel- | Installation is | Use separate test- | Close
and trou- opment envi- | problematic | ing machine for
bleshooting ronment using | or the tool is | testing the instal-

Evaluation unable to lation and run
Software and | produce the | sample problems
samples. required that are related to
functionality. | the model prob-
lem requirements

Size, Effort, Cost Variance

The following table explains the size, effort and cost variance. The size, effort and cost are estimated
using the COCOTS calculator; this includes estimates of the glue code to be written and calculation
of the respective effort and cost for writing the glue code. Using the actual size, effort, and cost re-
corded while doing the development, the variance is calculated as shown below:

Table 5:

Factor

Size (KLOC)

Effort (Person Months)

Cost (in $ excluding

software costs)

Variance Calculator

Estimated Actual after using the

without using rapid integration Tools

the rapid in-

tegration

Tools

1.01 0 [Source Code auto
generated)

17.63 8

123,403 55,996

% Variance (Estimated-
Actual)/Estimated *100)

100

54.6

54.6

26
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Size Person Month ~ Cost
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Figure 7: Graph that Explains the Estimated vs. Actual Effort and Cost

Product outcome

The product developed using these tools should have adhered to the a posteriori evaluation criteria
that we arrived at and also the non-functional requirements of the model problem.

Table 6:  Posteriori Evaluation Criteria Satisfied by the Tools

Criterion | Description : Observation

#

1 Installation and developmént environments | Yes. All three tools satisfied this
are in place for the identified solution tools. | criterion.

2 The off-the-shelf components architecture The components do not map exactly
and design satisfy the model problem re- “with respect to the implementation
quirements. .model as required by the model prob-

lem. They satisfied the functional
requirements.

3 The integration of the two COTS compo- The tools, especially IBM Web-
nents is accomplished using the rapid inte- | Sphere, LEIF, and Apache Axis C++,
gration tools. were used for creating and integrating

the Web services of the COTS
components.

The product outcome is also validated when the non-functional requirements are satisfied by the vari-
ous tools.
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Table 7: Tools Observations Conforming to Non-Functional Requirements

Requirement LEIF IBM Websphere IBM Rapid Devel-
oper

Integrability Provides services for

integration rather
than integration itself
and is limited re-

Provides integration
capability and is
limited regarding

Integration capabil-
ity is lower and is
limited regarding

Java Technology Java Technology
garding C++ Tech-
nology
Performance (development Simple interface Requires knowledge | Ease of use, and

time provided by the tool, not
involving the prerequisites)

with fewer inputs
and quick response

about Web services
and complex user

good user interface,
and good response

(2 minutes) interaction and 1s time (3 minutes)
highly responsive (4
minutes)
Portability Portability is very Portability is not Portability is sup-
(based on the platform inde- | possible (able to cre- | possible. Caters to ported to a limited
pendence of the tool) ate services for vari- | only J2EE applica- extent.
ous operating Sys- tions / middleware
tems). applications
28
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4 Conclusions

In this section, the lessons learned from the highlights and lowlights of the whole research work have
been documented. Additionally, we suggest some directions for potential future work based on this
investigation.

4.1

Lessons Learned

What Went Right

1.

Being able to download evaluation copies helped in the installation and testing of the tools.

2. The required additional software necessary for the installation and configuration of the selected
tools (for instance, LEIF requires VC++) was provided by our university.

3. The creation of services out of the COTS components took almost no time when the tools were
used. (The user should be aware of the component and the business logic required to create a
service from that component.)

4. IBM WebSphere proved to be a highly interactive tool which enhanced the usability and intelli-
gibility of the feeder component (Java) and was able to generate the Web services from these
components in just 4-5 minutes. _

5. The Communication between the two components using the SOAP mechanism was successfully
completed using the IBM WebSphere.

What Went Wrong

1. Expiration of the evaluation copies often forced us to change machine configurations and set-
tings in the development environment.

2. The COTS component was revised and is no longer freely available, thus this experiment isn’t
freely repeatable.

3. No configuration management of source files is maintained due to the auto generation of the
source code by the tools.

4. We could only run the application in the version of the evaluation copy that created it. Running it
in a different version required extra effort and time for reconfiguration and caused data loss.

5. LEIF was unable to generate the WSDL file for the C++ Component, so it involved extra effort

to find an alternative to do the same. [This was due to the incompatibility in the versioning of the
source code of the Market Data Feed Component (C++).]
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4.2 Future Directions of the Research

In this section we want to highlight the Evaluation Framework’s applicability to the other model
problems and tools by answering the following questions.

e Is the framework applicable to all tools and all model problems?

e How much time is needed to modify your framework when you must support multiple model

problems?

How much effort is needed in terms of searching for technologies and characterizing the model
problem different ways?

4.3 Remarks

While the development of the evaluation framework took more time than expected, we believe that
the result is worthwhile. The framework, without change, can be used for a significant number of
similar evaluations and, with minor change, could be used for a wider range of problems. Further, the

evaluations contained herein demonstrate that it is possible to use the framework to distinguish be-
tween tools.

The difficulties we had with the various tools suggest that, although rapid integration technologies are
being widely hyped, in practice the tools still leave something to be desired. While it is possible to
use the tools to integrate legacy components more efficiently than without the tools, the difficulties

suggest that more work remains to be done on the tools themselves (as well, perhaps, as the target
environment of Web services).
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Appendix C Model Problem and Analysis

The model problem chosen for this project was described as follows:

A major Wall Street investment bank sets out to build a bond pricing system in an effort to stream-
line the workflow of its bond trading desk. Currently, bond traders have to send prices for a large
number of bonds to several different trading venues, each with its own user interface.

The system that solves the above problem must also minimize the minutiae of pricing all the bonds
and provide advanced analytic functionality specific to the bond markets. These capabilities must be
provided through a single encapsulated interface.

Classification Scheme Approach

Step 1: Read the problem statement and identify functional and non-functional requirements.

The following requirements can be inferred from the above problem statement: .

1. high user interaction

2. integration with the legacy system

3. communication and data exchange mechanism for component” interaction
4. communication between the C++ and the JAVA applications

Step 2: 'Map the requirements identified to the integration mechanism, which forms the classifi-
cation parameters to be identified in the rapid integration tools.

Analysis of the Functional Requirements

For each of the requirements a specific integration mechanism is suggested as a solution. The mecha-
nism will be specific to the particular application. Therefore, the integration mechanisms specified
below cannot be generalized for all applications.

2 Here we mean the three components specified by the application: Market Data, Analytics Configuration

and Contribution Server [legacy servers].
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Requirements Solutions Integration Mechanism
Required
High User Interac- Client application as a Java thick client because of None
tion Java’s platform independence and its ability to quickly
respond to user input and market data
Traders need a
very responsive
application.
Integratlon w1th The followmg components are to be mtegrated o - - AVA to C++ TfanSlafor
;the 1egacy system (e ava th1ck Chent talkmg
= e Market Data Price Feed Server: publishes i mcomw :
; W1th C++ Legacy Servers)
f:on the server 81de ~.ing market data to the TIB , L
flt will mhent leg— Analytlcs Engine: performs analytlcs on mcommg ,
-acy C++ compo— o 5‘ market data and broadcasts the modxﬁed market
{nents that the sys -data to. the TIB L IR i
:tjilm WIﬂl]l utilize. ' Contnbutlon Server performs all commumcaUOn
: 4 50, ke market " with tradmg venues . The trading venues are thlrd-
3 ata components : arty cornponents not controlled by the bank. .
’pommumcate w1th ‘ o o
the TIBCO® In- ; ﬁ
formationBus -~ | ol '
[(TIB) messagmg SR

ﬁ;;mfrastructure R

Figure 8: Legacy Market Data Subsystem

> TIBCO means standard industry-specific messaging infrastructure component.
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Communication
and data exchange
mechanism for
component” inter-
action

Communication

and Data exchange

mechanism
between sub-
components
(Thick Client,
Market Data and
Contribution)

;‘Communiéation

Two gateways to communicate with the legacy servers:

e Pricing GateWay for market data

e Contribution Gateway for sending prices to trading

vendors

For instance: With Messaging, we can define separate

channels for the different types of pricing data. Then,

when a Gateway gets a new piece of data, it will add a
message containing that data to the Publish-Subscribe
Channel for that data type. Meanwhile, all clients inter-
ested in a certain type of data will listen on the channel
for that type. In this way, the Gateways can easily send
out new data to whoever is interested, without needing

to know how many listener applications there are or
what they are.

3

s

Pricing
Engine and
Analytics Subsystem
Subsystem

TIBCO

Cross language (C++ and J AVA) Mes's‘avyging‘ Bridge

Single point of access
through Gateways Mes-
saging, Publish and Sub-
scribe Channel, JMS (as
components are written in
JAVA)

* iMessag’ing Bridge, Chan-

%;between the C++ , gusing a combination of Channel Adapters and CORBA. nel Adapters and Commu-
tand the JAVAap- = P

/plication

i

*How to connect -

~ jthe IMS with the |
standalone C+ ©

4

ration and Contribution server [Legacy Servers).

‘nication Vehicle between

: Adaptefs

Here we mean the three components specified by the application, that is, Market Data, Analytics Configu-

62
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Contribution
server and the

TIBCO based : Message Bridge :
MarketDataand . -~ o
Analytics Engine =~ - CHTIB | e <E> -
K yt B g N B <:> Adapter A:rpster i
servers? .ol

Analysis of the Non-Functional Requirements

‘Non-functional
‘Requirement

Performance One Channel per trader per Bond: Create one Message Channel per-
trader per-bond solely for the modified market data of that bond. For
example, the market data for bond ABC would be published on channel
ity, which can be measured as  «gonq ABC” while the modified market data for trader A would be pub-
the number of users it can lished on Message Channel “Trader A, Bond ABC,” modified market

scale to without noticeable data for trader B on “Trader B, Bond ABC,” and so on.
decrease in response time. '

Here it refers to the scalabil-

Am———
Market DataFeed -~ ov oo p
i BondABC
i BendBCD :
LR ] JavalIMS Adapter and Trader A
. Message Router
Analytics Enpne - . .. CHTb Adapter b _ -
i BondABC CORBA s 1
~ ‘- o r ' TadrA  Tndeh
i — i BondARC  BondB(D
B3 | & 3 Trader B
T A : : ]
e S =l B ;
. Trader &, Bond ABC Trader A Bond ABC TadaB  TodB
iy a e Bood ABC  Bond BCD
Trader &, Bond BCD Trader A, Bond BCD
T G 10 o Bt
Trader B, Bond BCD Trader B, Bond BCD
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Cost

Custom development effort
for integration

Hardware/Software
Requirements

Effort: 47 person-months for developing the integration components
(Refer to Appendix C: Trading Bond COCOTS Estimation Details.)

Below are the hardware and software requirements regarding compo-
nents.

1.

Analytic Engine and Contribution Server

a. ahigh-end server class machine with minimum of 512 Mb of
RAM

b. Windows 2000 server

Traders Desktop Machine (Client):

a. Windows NT, Solaris

b. 128 MB of RAM

c. Java Virtual Machine

TIBCO Information BUS Messaging infrastructure
Market Data Price Feed Server

Impacts/Change Analysis on Architecture

The high-level architecture of the system is represented in Figure 10.
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Figure 10: Logical View of the System

1. TIBCO Information Bus Messaging infrastructure has been selected to achieve three-way com-
munications between Market Data Feed Server, Analytics Engine and Pricing Gateway as shown
in Figure 10. :

2. Two Java Gateways are used to provide communication between the Market Data Feed Server
and the Trading Venues:
a. Pricing Gateway for Market Data Feed Server
b. Contribution Server for sending prices to Trader Venues

3. Message Bridge is used to provide communication between JMS used to provide communication
between Pricing and Contribution Gateways and TIB (TIBCO Information Bus). This message

bridge has C++ and Java Adapters and these adapters communicate with each other through
CORBA.

Constraints and Assumptions Made about the Components
1. The system inherits C++ legacy components namely: Market Data Feed Server and Contribution
Server.

2. The system also uses TIBCO Information Bus Messaging Infrastructure as a third-party component.

3. The traders’ venue desktop can run on Windows NT or Solaris Operating System.
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Step 3: List the integration mechanisms which are the classification parameters and categorize
them into primitive classification types.

Categorization of Classification Parameters

. Integration Patterns (Primitive Classification Primitive Classification Type
. Type Parameters) ‘

£

¢
I
i
i
i

=
b
E
IR

Legacy Translator (Java thick Client talking with  Legacy Integration

C++ Legacy Se_:rvers)

Gateways : | ’ | Appiication Iﬁtégratién s
Méssagi;llg (JMS) | Middléwa;é Integﬁ#ion

Publish and Subscribe Channel ~ Middleware Integration
Mésséging Bri;ge o . Abplicatioﬁ Iﬁtegratioﬁ
et  Appcaton negron
Commuﬁi;atién \}ehicle between Adapters Application Integration

From this table we can infer that the current scenario is a composite of three primitive classification
types, namely

e Iegacy Integration
e Application Integration

¢ Middleware Integration

Step 4: Identify the rapid integration tools needed to quickly solve this problem.
In this step we try to represent the scenario as a set of classification parameters. Here we have the
integration mechanisms that serve as the classification parameters.

Mathematically, scenario can be expressed as

Scenariol = {Legacy Translator, Gateways, Messaging (JMS), Publish & Subscribe Channel, Mes-
saging Bridge, Channel Bridge, Communication Vehicle between Adapters}

The parameters identified using this scenario form the elements of the primitive classification type.

1. Legacy Integration = {Legacy Translator}
2. Application Integration = { Gateways, Messaging Bridge, Channel Bridge, Communication Ve-
hicle between Adapters}

3. Middleware Integration = {Messaging (JMS), Publish and Subscribe Channel}
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For the current scenario the parameters assume following values:

Legécy Translator="Java to C++ Translator”

Gateways = “Java Gateways”

Messaging Bridge="Bridge C++ Messaging system to JAVA Messaging System”
Channel Bridge=*C++ TIB Adapter & JMS Adapter”

Communication Vehicle between Adapters =“CORBA”

Messaging (JMS) =*“IBM MQ Series”

Publish and Subscribe Channel="Channel for different types of pricing data with Gateways as
Publisher and Clients as Subscriber”

RS T o

From the analysis done to classify the rapid integration tool we determine it to be a set of the combi-
nations of the primitive classification types:

RIT for Scenario = {Legacy, Application, Middleware }
Similarly when we generalize it

RIT for Scenario, = {Primitive Classification Type *}

Step 5: Select tools. :

Through use of the Tool Classification Matrix the following tools are identified to support this inte-
gration.

1. Microsoft BizTalk Server

2. IBM WebSphere

3. Pervasive Data Junction

CMU/SEI-2004-TR-023
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Tools Classification Matrix

Name of the Tool Classification based on Primitive Integration Types

Séfviée-briented Integra-

tion ‘j“"
Application Integration
‘Web-Based Integration

Legacy Ihteg'ratioh

, Miﬂdi_(m.'ﬁre Integration

Pervasive Data Junction

RogueWave’s LEIF

IBM Rational Rapid Developer

Microsoft SQL Server

Host Integration Server

Microsoft BizTalk Server

IBM WebSphere Business Integration

Artix Relay

Artix Encompass

Artix Mainframe

PiiE Smart Client

PiiE Fusion Server

InterSystem Ensemble

Jboss
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Appendix D Commercial Off-the-Shelf
Components

This section describes the Customized Dukascopy Data Feed Components (CDDF).
http://www.dukascopy.com/english/ddf_main/rdata/

Java Feeder Component:

The Feeder components are commercial off-the-shelf (COTS) products provided by Dukascopy.
These components connect themselves to Dukascopy Market Machine data source and supply data
every 10 seconds to the software application connected to it. Dukascopy Market Machine data source
supplies data on liquid trading instruments.

The data has the following format:
stockId — integer
Value — double

tickVolume ~ integer (on every instrument)

where .
stockID is the ID of trading instrument set by the user
Value is an average 10 sec price value.

Besides providing real-time data, this component can also transfer historical data going back three
days (nearly 22000 of 10 sec ticks) that can be used to fill in occasional gaps in the database.

Component Specification:

The Feeder component provides interfaces and methods listed below. These can be used by the appli-
cation program to capture the data collected by this component from Dukascopy Market Machine
data source:

1. Datal.istener Interface
onNewTick(int id, double value, int volume): This method provides the data that is fetched
from the Dukascopy Market Machine data source.
2. TickerListener Interface _ , .
a. onNewTick(int id, double value, int volume): This method provides the data that is fetched
from the Dukascopy Market Machine data source.
b. onNewConnection(Connector conn)
3. addQuote(int id, String code) method in FeederConnector Class: This method allows the applica-
tion program to add a specific trading instrument for which the data has to be collected.

4. removeQuote(String code) method in FeederConnector Class: This method allows the applica-
tion program to remove a specific trading instrument for which the data has to be collected.
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setDatal istener(DataL.istener dl)) method in FeederConnector Class: This method provides the
data that is fetched from the Dukascopy Market Machine data source. It eventually uses the on-
NewTick(int id, double value, int volume) method to get the data.

connect() method in FeederConnector: This method initiates the connection of this component to
the Dukascopy Market Machine data source.

Figure 11 below shows the interfaces and methods within those interfaces which are accessible to
external programs.

TickerWorker

® setListener() >

& onNewConnection() . .

« onNewData() TickerListener
4 onNewCommand()

L ] .
. onNewTick()
Connector onNewConnection()
O
Datal.istener
FeederConnector

addQuote(int id, String code)
removeQuote(String code)
setDatalListener(DataListener dl)
connect()

‘onNewTick()

1

Figure 11: Feeder Component Specification

Component Realization:

The feeder component is implemented using the following Java classes and interfaces.

1. FeederConnector

2. ConnectorWorker

3. Connector: Protocol realization .

4. DataListener: Client interface for working with data
5. TickerListener

6. TickerWorker
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E TickerListener D)

TickerListener
!
:: Connector O
: Connector
Worker

E Datalistener O

$ TickerWorker

Datalistener

VC++ MarketDataFeed Component:
The following are the VC++ files that define the responsibility of the VC++ Component:

1.

CConn.vcproj

This is the main project file for VC++ projects generated using an Application Wizard. It con-
tains information about the version of Visual C++ that generated the file and information about
the platforms, configurations, and project features selected with the Application Wizard.

CConn.idl

This file contains the IDL definitions of the type library, the interfaces and co-classes defined in
the project. This file will be processed by the MIDL compiler to generate
C++ interface definitions and GUID declarations (CConn.h)

CCoCConn.vcproj

This is the main project file for VC++ projects generated using an Application Wizard. It con-
tains information about the version of Visual C++ that generated the file, and information about
the platforms, configurations, and project features selected with the Application Wizard.

CConn.idl

This file contains the IDL definitions of the type library, the interfaces and co-classes defined in
the project.
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10.

11.

This file will be processed by the MIDL compiler to generate the following:

C++ interface definitions and (CConn.h)
GUID declarations

GUID definitions (CConn_i.c)

A type library (CConn.tlb)

Marshaling code (CConn_p.c and dlldata.c)

CConn.h

This file contains the C++ interface definitions and GUID declarations of the items defined in
CConn.idl. It will be regenerated by MIDL during compilation.
CConn.cpp

This file contains the object map and the implementation of your DLL’s exports.
CConn.rc

This is a listing of all of the Microsoft Windows resources that the program uses.
CConn.def

This module-definition file provides the linker with information about the exports required by
the DLL. It contains exports for

DIilGetClassObject

DIllCanUnloadNow

GetProxyDllInfo

DIlIRegisterServer

DIllUnregisterServer

"Other standard files

StdAfx.h, StdAfx.cpp

These files are used to build a precompiled header (PCH) file named CConn.pch and a precom-
piled types file named StdAfx.obj.

Resource.h

This is the standard header file that defines resource IDs: Proxy/stub DLL project and module
definition file.

CConnps.veproj
This file is the project file for building a proxy/stub DLL if necessary.

The IDL file in the main project must contain at least one interface and you must first compile
the IDL file before building the proxy/stub DLL. This process generates dlldata.c, CConn_i.c
and CConn_p.c , which are required to build the proxy/stub DLL.

72

CMU/SEI-2004-TR-023



12. CConnps.def

This module definition file provides the linker with information about the exports required by
the proxy/stub.
Other notes:

The MFC Support option builds the Microsoft Foundation Class libraries into your skeleton applica-
tion, making MFC classes, objects and functions available to you.

Issues
1. If the client process is not killed properly, the Java component will still deliver the data to the
client application. This state prevents the client application from re-establishing the lost connec-

tion to properly terminate the data stream.

CMU/SEI-2004-TR-023
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Appendix E Trading Bond System COCOTS
Estimation Details |

The approach followed is strictly based on the COCOTS estimation model proposed by Christopher
M. Abts and Barry W. Boehm [Abst 00]. The standard COCOTS calibration tables are used for the
calibrated parameter values for each cost driver in the model. The corresponding parameter value for
each driver is fed into the spreadsheet tool-——COCOTS calculator.

Assumptions

1. The values of very high, low, and so forth, have been determined based on a heuristic approach
rather than on previous data collection.

2.  The KSLOC is assumed to be based on the programming experience of the team with the prior
knowledge of the domain addressed here. The SLOC for developing a glue code for integrating
the C++ and Java Components using JNI is found to be approximately 1000 SLOC [1 KSLOC].

The component that is the glue code for the integrating C++ and Java is assumed to be devel-
oped using JNI. We realize that the excerpts taken from the article on Junc++ion
(http://www.codemesh.com/en/CodemeshWhitepaper.pdf ) demonstrate that JNI requires a huge
number of lines of code.

“If the programmer were trying to write an application to display a Java Swing dialog

box from C++ and store the user’s input in C-++ using JNI to communicate between
C++ and Java, about 200 lines of JNI code would be required.”

3. Since there are no real-world customers, there is a very minimal requirement change for this in-
tegration scenario and hence the BRAK % is assumed to be 1.

4. The Normal Labor Cost here refers to the Software Engineers in any company that will be in-
volved in the development.

Constraints

Currently, we have one option for C++ and Java components. Also, the Trading Bond System here
addressed is restricted to the legacy integration of components

Cost Drivers Selection

The following table presents the values selected and the reasons for their selection for the various cost
drivers of the COCOTS estimation model.
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Category Cost Drivers Value |Why?
Integration Personal Drivers
1 COTS Integrator Ex- VL Two months of experience with the products
perience with Product
2 COTS Integrator Per- |L Two months of experience with the domain
sonnel Capability -
3 Iritegrator Experience * |L Organizational level [Professional Development Cen-
with COTS Integration ter] process for COTS integration is not defined.
Processes
4 Integrator Personnel N There will be a rotation of people every year in the
Continuity Professional Development Center, as it is an educa-
tional environment.
COTS Component Drivers
1 COTS Product Maturity |H The product has high time on market.
2 COTS Supplier Product |L The products we consider here are standard C++ and
Extension Willingness Java components available on the net; hence the num-
ber and nature of changes are very minimal.
3 COTS Product Interface |N Since most of the APIs of the components are well de-
Complexity fined, consistently applied, and clear, they can easily
be used to interface with the glue code.
4 COTS Supplier Product |H The level of available support is high; a detailed ex-
Support planation of the components to be integrated is
available.
5 COTS Supplier Pro- N Nominal documentation is provided for the scenario
vided Training and considered here.
Documentation
6 COTS Product Volatility |L Only one release is expected.
76
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Application/System Drivers

1 Constraints on N This is not a mission-critical system; there are backup
System/Subsystem servers to recover the lost data.
Reliability

2 Application Interface L Use of standard communication mechanisms such as
Complexity. APIs reduces the application interface complexity.

3 Constraints on VH The analytic engine handles the real-time market data
System/Subsystem and feeds it to trader’s desktop.
Technical Performance

4 System Portability VH The traders’ desktops might be running on different

‘ operating systems.
Nonlinear Scale Factor
1 Application Architec- |L Simple paper Analysis of the architecture of the system

tural Engineering

will be done for the currently selected scenario.
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Appendix F Project Details

This appendix contains the detailed work breakdown structure (WBS) and project details.
Estimated Effort hours: 3x10x24 = 720 person hours

No. of Team members = three
No. of hours per week per team member = 10 hours
No. of months = six (equivalent to 24 weeks)

Project Planned Start Date: Fri 1/23/04
Project Planned Finish Date: Wed 6/23/04

The overall schedule of the planned project is given in detail in WBS. Here we illustrate with a sim-
ple timeline the overall schedule of the project.

Planned Schedule
Project Start Project End
v v
Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04
A A
Milestone 1 Milestone 2
Actual Schedule
Project Start Project End
v v
Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04
A A

Milestone 1

Milestone 2

¢ Project Start denotes the actual project start date of the rapid integration tools project.

* Milestone 1 implies the completion of Task1 - This included identification of tools and coming up
with a classification scheme for them.

e Milestone 2 denotes the completion of Task2 - This includes identifying the model problem and
getting hands on experience in evaluating the tools which would help in solving the model

problem.
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e Project End denotes the submission of the evaluation results in the form of a technical report and

expressing the process of evaluation as a framework that can be extended to any model problem.

The line in the actual schedule denotes where we were when we were writing this technical report.

Similarly, the estimated effort into the project also increased from 720 person hours to 840 person
hours.

Estimation:

The above WBS is based on the rapid integration tools document provided by the SEI before the start
of the project. The project is divided into three tasks which have deliverables associated with each of

them. The milestones are based completely on the three tasks. Each Task was allocated two months
out of the total six months for the project.

Actual Progress:

However, as shown in the actual progress timeline, Task 1 took almost three months for completion,

Task 2 took another three months to complete, and Task 3 is currently underway at the time of writing
this report.

The primary reasons for schedule slippage are multiple commitments of team members on other pro-
jects, and the fewer number of hours allocated for the elective.

Table 8: Milestones and Schedule of the Project

Milestones Expected Date Revised Date of Actual Date of
Submission Submission

Task 1 - Survey and clas- | 2/5/2004 6/7/2004 5/18/2004

sify the tools-

e List of Rapid Integra-

tion Tools
o Classification Scheme | 2/17/2004 6/09/2004 6/5/2004
e Classified List of 3/02/2004 6/10/2004 6/5/2004
Tools
Task 2 - Evaluate the tools | 3/19/2004 6/16/2004

using a model problem -

e Preliminary Evalua-
tion Scheme

e Model Problem Defi- | 4/26/2004 6/16/2004 5/18/2004
nition
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* Reports detailing 5/11/2004 6/24/2004 5/18/2004
evaluation of tools’
" applicability to the
model problem
Task 3 - Develop and 6/1/2004 5/28/2004

document general evalua-
tion criteria

e Documented evalua-
tion criteria for rapid
integration tools
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Glossary of Technical Terms

EAI “Acronym for enterprise application integration. EAI is the unrestricted sharing of data and
business processes throughout the networked applications or data sources in an organiza-
tion. Early software programs in areas such as inVentory control, human resources, sales
automation and database management were designed to run independently, with no interac-
tion between the systems. They were custom built in the technology of the day for a spe-
cific need being addressed and were often proprietary systems. As enterprises grow and
recognize the need for their information and applications to have the ability to be trans-
ferred across and shared between systems, companies are investing in EAI in order to
streamline processes and keep all the elements of the enterprise interconnected.

There are four major categories of EAI:

Database linking: databases share information and duplicate information as needed.

2. Application linking: the enterprise shares business processes and data between two
or more applications.

3. Data warehousing: data is extracted from a variety of data sources and channeled into
a specific database for analysis.

4. Common virtual system: the pinnacle of EAI; all aspects of enterprise computing are
tied together so that they appear as a unified apphcatxon

http://www.webopedia.com/TERM/E/EAL html

| B2Bi usiness-to-Business Integrat

Legacy “A computer system or application program which continues to be used because of the cost

System of replacing or redesigning it and often despite its poor competitiveness and compatibility
with modern equivalents. The implication is that the system is large, monolithic and diffi-
cult to modify”

http://computing-dictionary.thefreedictionary.com/Legacy%20system

S “Adapters and Connectors are‘pleces o (soft vare that are. used inthe mt gratlon of compo—
ent—based"apphcanon‘s and serve asa wrapper‘ atmedlates accessvto an apphcatlon v
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Service-
Oriented
Integration

Web Ser-

Lvices

“Service-Oriented Integration (SOI) leverages open standards, loose coupling, and dy-

namic description and discovery capabilities of Web Services to reduce the complexity,
cost, and risk of integration.”

http://www.zapthink.com/cluster.html?id=soi

“Web Services refers to the technologies that allow for making connections. Services are
what you connect together using Web Services. A service is the endpoint of a connection.

" Also, a service has some type of underlying computer system that supports the connection

" offered ‘The combination of serv1ces—-—mternal and external to an orgamzatlon——-make up a
servrce-onented archltecture ‘ ‘

,http://www.serv1Ce-arch1tecture.com/web—services/articles/web_services_defmition.html

R SN LI SR IN  VRS CRTIE r n

Stands for Application Embedding and Linking. “ALE allows behaviors between compo-
nents and applications to be linked on a single-screen. Users are able to drill within appli-
cations, as well as from one application to another, without changing focus.

ALE overcomes the limitations of HTML-based Web applications where any embedded

link typically brings up a new page with no contextual link between the various Web
pages.”

http://www.dharbor.com/products/psc_feat.htnﬂ

S e R L S AT ey

‘s ,‘ ' “J ava Management Extensmns (JMX) technology provrdes the too]s for bulldmg distrib-
L ;uted Web-based modular and dynamic: solutions for managing and monitoring devices,
:apphcatlons and servxce-dnven networks. By design, this standard is suitable for adapting

. legacy systems, nnplementmg new management and momtonng solutlons and pluggmg

3 rmto those of the future

E d;zhttp lljava sun. com/products/J avaManagement/

CICS

P T S8 G e i

sowr

“Short for Customer Information Control System, a TP monitor from IBM that was origi-
nally developed to provide transaction processing for IBM mainframes. It controls the in-
teraction between applications and users and lets programmers develop screen displays
without detailed knowledge of the terminals being used.”

http://www.webopedia.com/TERM/C/CICS.html

T T e £ T R T

“Short for Stmple Object Access Protocol a hghtwelght XML—based messagmg protocol

S rused to encode the mfor:matlon in ‘Web serv1ce request and response messages before send— v

mg them over a network

SOAP messages are. mdependent of any operatmg system or protocol and may be trans-

86
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ported using a variety of Internet protocols, including SMTP, MIME, and HTTP.”

http://www. webopedia.com/TERl\/I/S/SOAP.htrrﬂ

J1(0) % *“Short for Internet Inter-ORB Protocol, a protocol developed by the Object Management
Group (OMG) to implement CORBA solutions over the World Wide Web. IIOP enables
browsers and servers to exchange integers, arrays, and more complex objects, unlike
HTTP, which only supports transmission of text.”

http://www.webopedia.com/TERM/I/IIOP.html

: . _«1«“.“Short for We ; Serv ,es Descnptxon Language’ an’ )Q(IL—formatted language us ed‘to de-

LDAP “Short for Lightweight Directory Access Protocol, a set of protocols for accessing informa-
tion directories. LDAP is based on the standards contained within the. X.500 standard, but
is significantly simpler. And unlike X.500, LDAP supports TCP/IP, which is necessary for
any type of Internet access. Because it's a simpler version of X.500, LDAP is sometimes
called X.500-lite.” ' -

http://www.webopedia.com/TERM/L/LDAP.html

s intended destination

XML “Short for Extensible Markup Language, a specification developed by the W3C. XML is a

pared-down version of SGML, designed especially for Web documents. It allows designers
to create their own customized tags, enabling the definition, transmission, validation, and
interpretation of data between applications and between organizations.” '

http://www. webopedia.éom/T ERM/X/XML.html

M1crosoft ‘h ;;“’I’he chrosoft CLR Debu‘ ger 1s mtended a

interim tool for debugging applications
‘CLR = wmten and compﬂed for the common language rurmme o G

- 4http //msdn mlcrosoft com/hbrary/default asp‘?u /hbrary ‘
i /en-us/cptutonals/html/the net sdk debugger asp :
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|

XSLT

J2EE

'PKI S ,:“Short for pubhc key mfrastmcture, a system of drgltal certlﬁcates, Certlﬁcate Authormes :
R and other reglstratlon authonnes that venfy and authentrcate the vahdlty of each party in-

5 volved 111 an Internet transactlon PKIs are currently evolvmg and there is no single PKI

g ‘nor even a smgle agreed»upon standard for setting up a PKIL However, nearly everyone -

o .agrees that rehable PKIs are necessary before electromc commerce can become w1de-
o spread nUh B '

“Short for Extensible Style Language Transformation, the language used in XSL style
sheets to transform XML documents into other XML documents. An XSL processor reads
the XML document and follows the instructions in the XSL style sheet, then it outputs a
new XML document or XMIL.-document fragment. This is extremely useful in e-
commerce, where the same data need to be converted into different representations of

XML. Not all companies use the exact same programs, applications and computer sys-
tems.”

http://www.webopedia.com/TERM/X/XSLT.html

o “Short for S1mp1e Maﬂ Transfer Protocol, a protocol for sendmg e-mail messages between
servers Most e-mall systems that send mail over the Internet use SMTP to send messages
¢ : from one server to another, the messages can then be retneved with an e-mail chent using- l
,elther POP or IMAP In addmon SMTP is generally used to send messages. froma rna11

B 'ffcllent toa maﬂ server. Thls 1s ‘why you need to specify both the POP .or IMAP server and
’ ‘vthe SMTP server when you conﬁgure your e—marl appheatxon

B 'http //www webopedla comlTERMJS/SMTP html

*“Short for HyperText Transfer Protocol, the underlying protocol used by the World Wide
Web. HTTP defines how messages are formatted and transmitted, and what actions Web
servers and browsers should take in response to various commands. For example, when

you enter a URL in your browser, this actually sends an HTTP command to the Web server
directing it to fetch and transmit the requested Web page.”

http://www.webopedia.com/TERM/H/HTTP.html

S 5 http //www webopedxa com/TERM/P/PKI html

“Short for Java 2 Plétform Enterprise Edition. J2EE is a platform-independent, Java-
centric environment from Sun for developing, building and deploying Web-based enter-
prise applications online. The J2EE platform consists of a set of services, APIs, and proto-
cols that provide the functionality for developing multi-tiered, Web-based applications.”

http://www.webopedia.com/TERM/J/J2EE.html
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ISP

JCA

JAAS

- Aspect 0n~
\ented Pro-
| gramming i
SR havwrs that affect multlple classes th reusable modules

' http //www-106 1bm conddeveloperworksljava/hbrarylj-aspectjl

“Short for Java Server Page. A server-side technology, Java Server Pages are an extension
to the Java servlet technology that was developed by Sun. JSPs have dynamic scripting

capability that works in tandem with HTML code, separatmg the page logic from the static

elements -- the actual design and display of the page—to help make the HTML more func-
tional (1 €., dynarmc database quenes) »

http //www webopedxa com/TERM/J/JSP html i

“The J2EE Connector architecture provides a Java technology solution to the problem of

connectivity between the many application servers and today's enterprlse information sys-
tems (EIS).”

http://java.sun.com/j2ee/connector/overview.html

B . nents and arrange ‘them 'h the serVe v

B http //www webopedla.comfl"ERMlElEnterpnse avaBean tml

“The Java Authentication and Authorization Service (JAAS) is a set of APIs that enable
services to authenticate and enforce access controls upon users. It implements a Java tech-
nology version of the standard Pluggable Authentication Module (PAM) framework, and
supports user-based authorization.”

http: //Java sun. com/productsljaas/

CMU/SEI-2004-TR-023 89



90 CMU/SEI-2004-TR-023



References/Bibliography

URLs are valid as of the publication date of this document.

[Abst 00]

[Brownsword 04]

[IONA 02]

[Jaccheri 02]

[Johnson 88]

[Kasunic 03]

[Ncube 02]

Abst, C.; Boehm, B.; & Clark, B. COCOTS: A Software Integration
Cost Model. Los Angeles, CA: USC Center for Software Engineer-
ing 2000. http://sunset.usc.edu/publications’TECHRPTS

/2000 /usccse2000-501/uscese2000-501.pdf

Brownsword, L.; Carney, D. J.; Fisher, D.; Lewis, G.; Meyers, C.;
Morris, E. 1.; Place, R. H.; Smith, J.; & Wrage, L. Current Perspec-
tives on Interoperability (CMU/SEI-2004-TR-009, ADA421613).
Pittsburgh, PA: Software Engineering Institute, Carnegie Mellon
University, 2004. http://www.sei.cmu.edu/publications/documents
/04 .reports/04tr009.html

ONA Technologies PLC. IONA’s Orbix E2A Enterprise Integration
Technology. Waltham, MA: IONA Technologies PLC, 2002.

Jaccheri, L. & Torchiano, M. “Classifying COTS Products,” 246-
255. Software Quality — ECSQ 2002. Quality Connection - 7th
European Conference on Software Quality. Helsinki, Finland, June
9-13, 2002. Proceedings, Lecture Notes in Computer Science, 2349.
Berlin, Germany: Springer-Verlag, 2002.

Johnson, A. M. & Malek, M. “Survey of Software Tools for Evaluat-
ing Reliability, Availability, and Serviceability.” Computing Surveys,
20, 4, (Dec. 1988) 227-269.

Kasunic, Mark. “Measuring Systems Interoperability.” Conference
on the Acquisition of Software-Intensive-Systems. Arlington, VA,
January 28-30, 2003. Pittsburgh, PA: Software Engineering Insti-
tute, Carnegie Mellon University 2003.

Ncube, C. & Dean, J. “Limitations of Current Decision-Making
Techniques in the Procurement of COTS Software Components,”
176-187. Proceedings of the First International Conference of
COTS-Based Software Systems, ICCBSS 2002. Orlando, FL., Febru-
ary 4-6, 2002. Berlin, Germany: Springer-Verlag, 2002.

CMU/SEI-2004-TR-023

91



[Powell 97]

[Sai 04]

[Schmidt 02]

[Simon 03]

[Vu 02]

[Wallnau 91]

[Wallnau 02]

Powell, A., et al. “Evaluating Tools to Support Component Based
Software Engineering, 80-89. Proceedings of the Fifth International
Symposium on Assessment of Software Tools and Technologies.

Pittsburgh, PA, June 2-5, 1997. Los Alamitos, CA: IEEE Computer
Society Press, 1997,

Vijay, S. COTS Acquisition Evaluation Process: Preacher’s Practice
(CMU/SEI-2004-TN-001, ADA421675). Pittsburgh, PA: Software Engi-
neering Institute, Carnegie Mellon University, 2004.
http://www.sei.cmu.edu/publications/documents /04.reports/04tn001.html

Schmidt, Marty. J. Business Case Essentials: A Guide to Structure and
Content. West Sussex, UK: Matrix Solutions Ltd, 2002.
http://www eitoolkit.com/tools/initiation /Business_Case_Essentials.pdf

Simon, Jonathan. “Case Study: Bond Trading System.” Chapter 13, Hohpe,

Gregor & Woolf, Bobby. Enterprise Integration Patterns. Boston, MA:
Addison-Wesley, 2004.

Vu, John. “The eCommerce Capability Model (eCCM): A Framework To
Implement eCommerce Successfully.”(tutorial). SEPG 2000: Software En- -
gineering Process Group Conference, Phoenix, AZ, February 18-21, 2002.

Wallnau, K. & Feiler, P. Tool Integration and Environment Architectures
(CMU/SEI-91-TR-011, ADA237810). Pittsburgh, PA: Software Engineer-
ing Institute, Carnegie Mellon University, 1991.

http://www.sei.cmu.edu/publications/documents /91.reports /91.tr.011.htm}

Wallnau, K.; Hissam, S.; & Seacord, R. Building Systems from Commercial
Components. Boston, MA: Addison Wesley, 2002.

92

CMU/SEI-2004-TR-023



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding
this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters
Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arington, VA 22202-4302, and to the Office of

Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
(Leave Blank) December 2004 Final

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Rapid Integration for Rapid Application Development F19628-00-C-0003

6. AUTHOR(S)
Amit Midha, Ravindra Singh, Lakshmi Pratha Hari

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

Software Engineering Institute
Carnegie Mellon University
Pittsburgh, PA 15213

CMU/SEI-2004-TR-023

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

HQ ESC/XPK
5 Eglin Street
Hanscom AFB, MA 01731-2116

10. SPONSORING/MONITORING AGENCY REPORT

NUMBER
ESC-TR-2004-023

11. SUPPLEMENTARY NOTES

12A DISTRIBUTION/AVAILABILITY STATEMENT

Unclassified/Unlimited, DTIC, NTIS

128 DISTRIBUTION CODE

13. ABSTRACT (MAXIMUM 200 WORDS)

This report investigates the rapid integration tools available in the current market. These tools aid in the rapid
integration of software systems and components. The research centers on a model problem that requires
such a tool to address legacy integration challenges. The report presents a generic evaluation framework for
identifying and evaluating rapid integration tools and an evaluation of three identified tools. This evaluation
engaged selected evaluation criteria based on the demands of the model problem. A process reference is
also included; this forms the guidelines for identification and evaluation of the tools with respect to other

model! problems.

14. SUBJECT TERMS
rapid integration, integration tools, rapid application development

15. NUMBER OF PAGES

107

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION O
THIS PAGE :

Unclassified

ABSTRACT

Unclassified

19. SECURITY CLASSIFICATION OF

20. LIMITATION OF ABSTRACT

uL

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89) Prescribed by ANSI Std. Z39-18 298-102




